Abstract Impaired facial affect recognition is characteristic of schizophrenia and has been related to impaired social function, but the relevant neural mechanisms have not been fully identified. The present study sought to identify the role of oscillatory alpha activity in that deficit during the process of facial emotion recognition. Neuromagnetic brain activity was monitored while 44 schizophrenia patients and 44 healthy controls viewed 5-s videos showing human faces gradually changing from neutral to fearful or happy expressions or from the neutral face of one poser to the neutral face of another. Recognition performance was determined separately by selfreport. Relative to prestimulus baseline, controls exhibited a 10-to 15-Hz power increase prior to full recognition and a 10-to 15-Hz power decrease during the postrecognition phase. These results support recent proposals about the function of alpha-band oscillations in normal stimulus evaluation. The patients failed to show this sequence of alpha power increase and decrease and also showed low 10-to 15-Hz power and high 10-to 15-Hz connectivity during the prestimulus baseline. In light of the proposal that a combination of alpha power increase and functional disconnection facilitates information intake and processing, the finding of an abnormal association of low baseline alpha power and high connectivity in schizophrenia suggests a state of impaired readiness that fosters abnormal dynamics during facial affect recognition.
the neural mechanisms associated with the behavioral deficits (see meta-analyses by, e.g., Delvecchio et al., 2013; Li, Chan, McAlonan, & Gong, 2010; Sugranyes et al., 2011; Taylor & MacDonald, 2012) . These studies have provided evidence of cortical (e.g., frontal, frontotemporal, and anterior cingulate) and subcortical (particularly amygdala) involvement in affect processing, facial affect recognition, and their dysfunction in schizophrenia. Understanding the dynamics of dysfunctional affect processing will also involve neural communication, including oscillatory brain activity and connectivity measures.
Distinct from face recognition per se, processing emotional expression in faces (as is common in social contexts) has been proposed to involve the recruitment of aspects of the neural and peripheral physiological events that occur when one experiences the emotion oneself (Lang, 1979; Niedenthal, 2007) . Such recruitment of neural events when experiencing one's own emotions has been related to sensorimotor cortex activity (Adolphs, Damasio, Tranel, Cooper, & Damasio, 2000; van der Gaag, Mindera, & Keysers, 2007) . Deficient recruitment in schizophrenia is suggested by diminished emotional contagion when schizophrenia patients are asked to produce matching or incongruous facial expressions (Falkenberg, Bartels, & Wild, 2008) . This deficit may contribute to reported deficits in theory of mind (e.g., Bora, Yucel, & Pantelis, 2009; Frith & Corcoran, 1996) and empathy (Besche-Richard, BourrinTisseron, Olivier, Cuervo-Lombard, & Limosin, 2012) among schizophrenia patients. Taylor and MacDonald (2012) identified "embodied simulation of low-level mental state inference" (p. 73) as one of five promising research targets for understanding socio-emotional processing in schizophrenia.
Brain oscillations near the traditional 8-to 13-Hz alpha band may be particularly suitable for tracking this neural recruitment. As was proposed by Jensen and Mazaheri (2010) , the level of alpha oscillations reflects the excitatoryinhibitory states of neural ensembles, with event-related alpha power decreases (also called event related desynchronization, or ERD) reflecting excitatory, and alpha power increases (also called event related synchronization, or ERS) reflecting inhibitory, states (Haegens, Nacher, Luna, Romo, & Jensen, 2011; Klimesch, 2012; Klimesch, Sauseng, & Hanslmayr, 2007) . Such alpha oscillations are related to long-range communication across networks and are thought to mediate information sampling and access to stored information (Klimesch, 2012) . Indeed, alpha suppression (ERD) has been found when individuals perform, watch, or imagine actions in a social context (Pineda, 2005; Singh, Pineda, & Cadenhead, 2011) . Hence, alpha oscillation, specifically ERD near sensorimotor cortex, is linked to social information processing, which would include facial affect processing in many natural social contexts. Miller, Crocker, Spielberg, Infantolino, and Heller (2013) discussed how this view of alpha reflecting active mechanisms of information flow control contrasts with the traditional notion of alpha as reflecting an awake brain at rest.
In recent studies, researchers have begun to investigate relevant oscillatory dynamics in schizophrenia. Singh et al. (2011) found that stimuli showing moving hands or nomovement social interaction prompted less 8-to 13-Hz suppression (ERD) over sensorimotor cortex in first-episode schizophrenia patients than in controls. In healthy volunteers, Hars, Hars, Stam, and Calmets (2011) found greater 8-and 10-Hz connectivity for sensorimotor cortex during the observation of biological motion. In addition, electroencephalographic (EEG) and magnetoencephalographic (MEG) findings of deviantly increased or decreased baseline alpha (Ikezawa et al., 2011; Nikulin, Jönsson, & Brismar, 2012; Uhlhaas, Haenschel, Nikolic, & Sincer, 2008; Uhlhaas & Singer, 2010) suggest dysfunctional regulation of alpha oscillations in schizophrenia. Moreover, reduced alpha ERD has been reported in schizophrenia (although in nonemotional, auditory sensory gating [Popov et al., 2011] or oddball [Higashima et al., 2007; Koh et al., 2011] ), and exaggerated alpha ERS has been found in working memory tasks (Bachmann et al., 2008) . Finally, in addition to ERD and ERS within regions, the measurement of cross-time and cross-regional synchrony assesses abnormal oscillatory activity in schizophrenia. Nikulin et al. (2012) found correlations of alpha activity over time (reflecting long-range communication) to be reduced in schizophrenia patients. Hinkley et al. (2011) suggested that reduced resting-state coherence of alpha power between brain regions is a sign of functional disconnection in schizophrenia.
Trial-by-trial analysis of brain oscillatory activity offers further information about the dynamics of disturbed facial affect processing in schizophrenia. Moreover, the analysis of oscillatory dynamics within a trial facilitates the study of processing dynamically changing facial expressions (in contrast to static facial stimuli), which is closer to daily life. Garrido-Vasquez, Jessen, and Kotz (2011) summarized evidence that stimulus dynamics (e.g., videos vs. static faces) modify facial affect processing. The identification of affect in dynamically changing faces seems to be impaired in schizophrenia patients, whereas their performance benefits from nonfacial motion. For example, by comparing static and dynamic presentations of facial emotion, facial identity, and butterfly wings, Johnstone et al. (2010) found a specific deficit in the recognition of dynamic facial emotions that was not evident with static pictures.
In a study of healthy volunteers, Popov, Miller, Rockstroh, and Weisz (2013) examined the spatio-temporal dynamics of alpha activity during facial affect processing, using temporally dynamic stimuli to foster the investigation of the psychological and neural dynamics of face processing. Gradually morphing facial stimuli were used to analyze the process of affect recognition and cortical changes that support recognition. Oscillatory brain activity tracked recognition as faces changed from neutral to emotional (fearful or happy) expressions across 5-s videos. Changes from neutral to emotional were associated with a 10-to 15-Hz power increase localized to bilateral sensorimotor areas preceding the time when identification of the facial emotional expression approached nearly 100 % accuracy, followed by a power decrease. In the course of a trial, the 10-to 15-Hz power increase was associated with decreased connectedness of the sensorimotor areas to other brain areas, including visual and fusiform face areas. The 10-to 15-Hz power decrease in the period following correct affect identification was associated with enhanced long-range connectedness of sensorimotor to other cortical areas. It was concluded that alpha oscillatory activity mediates a decoupling/coupling sequence that fosters facial affect recognition.
Event-related brain potentials (ERPs; e.g., Jung, Kim, Kim, Im, & Lee, 2012; Lynn & Salisbury, 2008) , hemodynamic effects (e.g., Sato, Kochiyama, Yoshikawa, Naito, & Matsumura, 2004) , and event-related oscillatory activity (e.g., Ramos-Loyo, Gonzales-Garrido, Sanchez-Loyo, Medina, & Basar-Eroglu, 2009 ) have been studied in schizophrenia patients employing static stimuli, and ERP and hemodynamic effects have been studied with dynamic faces in healthy participants, but not in schizophrenia patients (e.g., Fichtenholz, Hopfinger, Graham, Detwiler, & LaBar, 2009; Mayes, Pipingas, Silberstein, & Johnstone, 2009; Simon, Craig, Miltner, & Rainville, 2006) . Oscillatory activity in sensorimotor areas has been studied in schizophrenia patients, but not with emotional stimuli (Winograd-Gurvich, Fitzgerald, Georgiou-Karistianis, Millist, & White, 2008) . Altered connectivity in the neural networks relevant to facial affect processing in schizophrenia has been addressed in hemodynamic studies, though only with static stimuli (e.g., Leitman et al., 2008; Mukherjee et al., 2012) or emotional but nonfacial stimuli (Harvey et al., 2011) . No study has combined the analysis of within-trial oscillatory activity during static and dynamic phases of facial affect recognition with within-and acrossregional coupling in schizophrenia patients.
Therefore, the present study used the design of Popov et al. (2013) to address the temporal specificity of oscillatory differences during the recognition process and to determine whether group differences are confined to pre-or postrecognition intervals, or even precede stimulus delivery. The primary hypotheses were that 1. Patients would correctly identify a fearful or happy expression later in a dynamically unfolding facial expression than would controls. 2. Patients would exhibit less modulation of alpha power (ERS and ERD) across the dynamic unfolding of a facial expression than would controls. To evaluate the temporal and functional specificity of such findings, additional analyses were planned, in order to examine brain dynamics preceding the onset of changes in facial stimuli. The null hypotheses were that 3. Patients would not differ from controls in pretrial baseline alpha activity. Given the scarce evidence regarding a relationship between baseline and task-related alpha activity, we had no expectation of the extent to which baseline alpha activity would be related to oscillatory dynamics during the recognition period. 4. Group differences in oscillatory dynamics during the processing of unfolding emotional expressions would not be related to (group-specific) early event-related potentials in response to the onsets of the facial stimuli (in particular, the N170/M170).
Method

Participants
The study included 44 in-patients (SZ; 31 male, 13 female; mean age 32.0 ± 9.4 years) meeting an ICD-10 diagnosis of schizophrenia, and 44 healthy participants (HC; 24 male, 20 female; mean age 29.2 ± 7.9 years; the data from n = 30 of the group were reported in Popov et al., 2013) . The groups did not differ with respect to mean age [t(86) = 1.50, p = .13] or gender distribution (χ 2 = 2.4, p = .12). The SZ were recruited and diagnosed at the research unit of the regional Center for Psychiatry. Of the patients, 42 met an ICD diagnosis of paranoid-hallucinatory schizophrenia (code number F20.0), and two received diagnoses of schizoaffective (code number F25.0) or psychotic episode (F23.0). The inclusion criteria were normal intellectual function and no history of any neurological condition or disorder, including epilepsy or head trauma with loss of consciousness. The SZ participants were diagnosed by experienced senior psychiatrists or psychologists using the ICD-10 criteria. At the time of the assessment, the disease status was characterized by the Positive and Negative Syndrome Scale (PANSS: Kay, Fiszbein, & Opler, 1987) symptom score (mean score ± SD: PANSS-P, 16.3 ± 6.1; PANSS-N, 20.2 ± 6.1; PANSS-G, 36.7 ± 8.4) and global assessment of functioning (M ± SD: 41.7 ± 10.4). All patients were medicated, with a mean chlorpromazine equivalent of 722.6 ± 441.4 mg/day. The HC were screened with the Mini International Neuropsychiatric Interview (Ackenheil, StotzIngenlath, Dietz-Bauer, & Vossen, 1999) in order to exclude any psychiatric or neurological disorder. All participants had normal or corrected-to-normal vision. Three SZ and five HC were left-handed, and three SZ and two HC were ambidextrous according to the Edinburgh Handedness Inventory (Oldfield, 1971) .
Participants provided written informed consent prior to the experiment and received €40 at the end of the study. The study was approved by the ethics committee of the University of Konstanz.
Materials and procedure
Pictures of 20 Caucasian male and 20 Caucasian female faces showing fearful, neutral, or happy expressions were selected from the Radboud Faces Database (Langner et al., 2010) . Each of the 40 posers provided all three emotional expressions (fear, neutral, and happy), from which 120 motion videos were created. For each poser, two videos showed a transition from a neutral face to a fearful expression (NF) or a happy expression (NH). In the third video, the facial features (mouth, nose, or eye) of a neutral face of one model were altered toward the neutral face of another model of the same gender (NN). Thus, the feature change required the recognition of a change in poser identity rather than recognition of a change in emotional expression. This condition controlled for the effects of recognizing a change of invariant facial aspects without emotional involvement. Fivesecond videos were created in-house using the face morphing software Fantamorph (www.fantamorph.com/).
During MEG recording, the participants were instructed to passively view the video sequences. During the first second of each 5-s trial, the video presented a static image of the initial (neutral) expression. The images gradually morphed toward the target facial expression (the same model with either a fearful or happy expression or a different model with a neutral expression) at a rate of 15 frames per second across 3 s, such that 33 % of the final expression was reached at the end of the second second and 100 % at the end of the fourth second (see Fig. 1 ). During the fifth second, the video presented a static image of the final expression. A gray mask covered the hair, ears, and neck, so that for all stimuli only the face was seen, in order to keep figure-ground contrasts constant.
Across the 120 videos, 40 NF, 40 NN, and 40 NH morphs were presented in pseudorandom order, separated by a 5-s (± 1 s) jittered offset-to-onset intertrial interval (ITI), during which a white fixation cross appeared in the center of a black screen. The videos were presented on a screen about 50 cm distant from the participant's eyes during MEG recording. Recording lasted approximately 18 min. Each participant's recognition performance was assessed by self-report ratings of static video images in a subsequent session. (Self-report data were available for 36 patients and 30 controls.) For these ratings, seven frames were exported from ten videos of five male and five female actors, representing seven levels of transition (neutral/emotional, as percentages: 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, and 20/80) . Thus, 140 pictures were used in the rating sessions. A picture was presented randomly on a computer screen for 50 ms after a 2-s fixation-cross (baseline) period. Drawings of three manikins then appeared. Their eyes and mouths were formed to indicate fearful, neutral, or happy expressions. The (German) words for "fearful," "neutral," and "happy" were printed underneath the faces. Participants were instructed to move the cursor to the manikin that reflected the emotion of the face just presented and to confirm their decision by a left mouse click. A subsequent left mouse click brought the next picture. Performance scores were calculated by dividing emotional by neutral accuracy for each morph level and poser. Chance performance was 33 %.
Data acquisition and analysis
MEG was recorded with a 148-channel whole-cortex magnetometer (MAGNES 2500 WH, 4-D Neuroimaging, San Diego, USA) in a magnetically shielded room while participants lay on their back. Prior to each session, each participant's nasion, inion, Cz, left and right ear canal, and head shape were digitized with a Polhemus 3Space Fasttrack. Participants were instructed to passively watch the videos and to avoid body movements. The continuous MEG time series was recorded with a sampling rate of 678.17 Hz and a 0.1-to 200-Hz band-pass filter. Trials consisted of epochs from 3 s before to 7 s after the onset of each video. Prior to correcting for heart and eye-blink artifacts by means of independent component analysis (ICA), trials containing movement artifacts and SQUID jumps were rejected on the basis of visual inspection. Groups did not differ in the numbers of trials retained in any of the three conditions, nor did the conditions differ in this respect (for HC: NF, 38.3 ± 2.0; NN, 38.2 ± 2.1; NH, 38.9 ± 1.4; for SZ: NF, 37.3 ± 3.0; NN, 37.7 ± 2.0; NH, 37.8 ± 2.4).
Planar gradient calculation
The MEG data were transformed into a planar gradient configuration for each sensor using signals from neighboring sensors (Bastiaansen & Knosche, 2000) . This procedure generally emphasizes activity at sensors located above the actual sources, simplifying the interpretation of sensor-level data (Hämäläinen, Hari, Ilmoniemi, Knuutila, & Lounasmaa, 1993) .
Frequency analysis Spectral analysis was computed for each trial using an adaptive sliding time window of five cycles length (Δt = 5/f) multiplied by a Hanning taper. Resulting power estimates were averaged over trials within condition. Time-frequency representations of power were calculated as change from prevideo (prestimulus) baseline in each condition (NN, NH, NF). Then the time-frequency representations of power for the NN averages were subtracted from both the NF and the NH averages, producing NF-NN and NH-NN differences for each participant.
Source analysis Source reconstruction was based on individual structural MRIs and on an affine transformation of an MNI-template brain (Montreal Neurological Institute (MNI), Montreal, Canada www.bic.mni.mcgill.ca/brainweb) to the participant's digitized individual head shape (N = 5 HC, N = 23 SZ; see also Keil, Weisz, Paul-Jordanov, & Wienbruch, 2010) . A frequency-domain adaptive spatial filtering algorithm (dynamic imaging of coherent sources; DICS) served to estimate the sources of activity that contributed to the effects at the sensor level (Gross et al., 2001 ; for details, see the supplementary materials). Calculated z values represented the normalized differences of source estimates between prestimulus baseline and recognition-related time windows. Source estimates were interpolated onto the individual anatomical images and subsequently normalized to a standard Montreal Neurological Institute (MNI) brain in order to calculate group statistics and for illustrative purposes. Group differences were calculated using independent-sample t tests. If not indicated otherwise, all reported comparisons and thresholds in the statistical images used an alpha level of p < .05.
Functional connectivity analysis Brain connectivity analysis was done via graph-theoretic metrics (Bullmore & Sporns, 2009 ; for details, see the supplementary materials and Popov et al., 2013) . The functional connectivity measure was the phase synchrony of pairs of voxels (Lachaux, Rodriguez, Martinerie, & Varela, 1999) , similar to the procedures described in Keil, Mueller, Ihssen, and Weisz (2012) . Phase synchrony was computed for time and frequency windows of interest that were derived from the sensor-level analysis, for each voxel relative to all other voxels in the entire cortical volume. A relationship between two voxels was considered meaningful if the probability under the null hypothesis that the phase differences are drawn from a uniform distribution was 0.1 % (Rayleigh test; Fisher, 1993) . Node degrees were also calculated using thresholds of both 5 % and 1 %. Since the outcomes were virtually identical, only the data thresholded at 0.1 % are reported.
Network analysis
The functional connectivity analysis yielded an adjacency matrix from which the graph-theoretical metric "node degree" could be calculated using the Brain Connectivity Toolbox (www.brain-connectivity-toolbox.net; Rubinov & Sporns, 2010) . This measure is a global index of the connectedness of a brain region, identifying brain regions generally coupled or decoupled during the encoding of facial affect. Finally, the task-related degree of connectivity was expressed relative to the connectivity degree of the baseline period ([task degree -baseline degree]/baseline degree), in which positive values indicated increased connectivity to all other brain regions, and negative values decreased connectivity (decoupling).
Statistical analysis Self-reported recognition performance scores (see above) were compared in a repeated measures analysis of variance with the between-subjects factor Group (SZ, HC), the within-subjects factor Transition (30 %, 40 %, 50 %, 60 %, and 70 % morphed emotion), and the withinsubjects factor Emotion (transition from neutral to fearful or to happy expression). Significant main effects and interactions were explored with post-hoc t tests. (Because the two extreme For the MEG data, time-frequency windows of significant differences between conditions in alpha activity were defined for each participant via cluster-based, independent-sample t tests with Monte Carlo randomization that effectively controlled for multiple comparisons (Maris & Oostenveld, 2007) . The Monte Carlo estimate describes the comparison of randomized test statistics with the observed test statistic and identifies sensor clusters with significant group differences on the sensor level, as well as sources with significant group differences on the source level. Pairwise differences between conditions (NN-NF, NN-NH, and NF-NH) in sensor clusters were accepted as reliable when they were below the 5 % level, with the test statistic having been defined as the sum of the t statistics of the sensors within the respective cluster. Normalized power changes ([activity -baseline] / baseline) were computed separately for the three conditions at each sensor. The baseline period was defined as 3 s before face onset. This cluster-based, independent-sample t test statistic was also used to define the time windows of significant group differences in event-related magnetic field strength (ERF) during the first 500 ms following video onset and to define group differences in alpha power during the 3-s prevideo baseline period. In addition, an effect size d was calculated following the procedures described by Rosnow and Rosenthal (2003) 
Results
Recognition performance
Figure 2 illustrates recognition performance based on ratings done following the MEG measurement. Recognition accuracy improved during the transition, from chance to nearly 100 % correct recognition for faces expressing more than 70 % of the respective emotion. For the 50 %-70 % transition level, the number of participants who reached the level of 90 %-100 % correct identification increased from 70 % to 93 % (neutral to fearful) and 77 % or 93 % (neutral to happy) in HC, whereas the respective increase for SZ was from 47 % to 81 % (neutral to fearful) or 39 % to 83 % (neutral to happy). A general increase in recognition accuracy with increasing proportions of morphed emotion, which was more rapid for the transition to happy than to fearful, was confirmed by an effect of transition [F(4, 256 Figure 2 suggests that SZ were less accurate in identifying fearful expressions near 50 %-60 % transition and less accurate in identifying happy expressions near 40 %-50 % than were HC. The SZ group's recognition performance was worse overall [F(1, 64) = 5.43, p = .02]. Although the Group × Transition (p = .18) and Group × Transition × Emotion (p = .10) interaction effects were not significant, simple-effects tests were done in order to ensure that the selection of analysis windows distinguishing pre-and postrecognition periods minimized any possible confound with group differences in recognition performance. These t tests indicated group differences in the recognition of fearful expressions at 50 % [t(64) = 2.10, p = .04] and 60 % [t(64) = 2.60, p = .01], in the recognition of happy expressions at 40 % [t(64) = 2.47, p = .02] and 50 % [t(64) = 2.41, p = .02], and not at earlier or later morph stages.
Alpha activity related to recognition processes
Analysis epochs during the course of recognition were determined from performance data in the following way: As is evident from Fig. 3 , changes in alpha activity started at the time point at which the transition from a neutral to an emotional face began. Given that the first second of the video presented a static neutral face, this transition period started 1 s after video onset. Subsequently, alpha power changes continued until the stage at which > 80 % identification accuracy was achieved for faces reaching 70 % of the morph transition, approximately 3 s after video onset. Therefore, the interval of 1-3 s after stimulus onset was scored to reflect the recognition interval (achieving correct facial affect identification). For analyses, this interval was defined as the "prerecognition period." After 70 % of the morph transition, with performance that was nearly perfect and similar for the two groups, the period of 3.5-4.5 s after stimulus onset was analyzed as the "postrecognition period," in order to distinguish and evaluate brain activity before and after a clear stage of correct facial affect identification (i.e., recognition).
Alpha activity during the prerecognition period Figure 3a illustrates oscillatory activity prior to onset of and during the 5-s video. In HC, a prominent 10-to 15-Hz power increase from prevideo baseline is evident once face morphing began at 1 s after video onset, lasting until about 3 s, when faces had reached 67 % of the eventual emotion. This alpha power increase was followed by a return to near baseline in alpha power during the final 2 s of the video. Figure 3a suggests no such overall sequence in SZ, with little change from baseline throughout the video. Panels B-D of Fig. 3 illustrate group differences in alpha power and connectivity during the 1-to 3-s prerecognition period. Figure 3b illustrates that SZ displayed significantly less of an alpha power increase than did HC at central sensor clusters: primarily left-hemisphere central for the fearful condition and more bilateral central for the happy condition.
1
Source reconstruction (Fig. 3c ) similarly shows significantly less alpha power increase during the prerecognition period in SZ in and near sensorimotor areas for the neutralto-happy transition, whereas the neutral-to-fearful transition prompted similar alpha power increases in bilateral sensorimotor areas in both groups. Figure 3d illustrates functional connectivity patterns during the prerecognition period. During the prerecognition period for a subset of the present HC group, Popov et al. (2013) reported increased functional connectivity within sensorimotor areas, together with decoupling from other brain areas. This pattern of early power increase and interregional connectivity decrease was interpreted as reduced information flow from other regions, thus facilitating communication within sensorimotor cortex. As is evident in Fig. 3d , the global index of network connectivity showed significantly less connectivity of central regions with all other regions and significantly more connectivity of sensory and left-and right-frontal brain regions with all other regions in SZ than in HC.
Alpha activity during the postrecognition period Figure 4 presents results for the postrecognition time window. Figure 4a suggests less of an alpha power decrease in SZ than in HC for transitions to fearful or happy expressions. Figure 4b confirms the significant group differences in sensor space, primarily over midline and right-posterior regions. Source reconstruction (Fig. 4c) shows significantly less alpha power decrease in SZ than in HC in frontal and central regions, and Fig. 4d illustrates significantly lower interregional connectivity of central regions in SZ than in HC, similar to that described for the prerecognition period in Fig. 3d .
In summary, SZ did not show the sequence of alpha power increase/recovery and connectivity decrease/recovery in sensorimotor cortex found for HC. Before interpreting this as showing a cortical abnormality specific to face processing, activity preceding the recognition interval should be examined.
Alpha activity and connectivity prior to dynamic face stimuli Given the group differences in oscillatory activity during the recognition task, it would be important to evaluate whether they were confined to the period of task performance or arose earlier. Figure 5 illustrates the time course of the ERF during the first 500 ms of the 1-s static face that preceded the morphing process. Figure 5 is confined to activity localized to the right fusiform gyrus, a key area in early face processing. As we expected, a clear M170 component is apparent. Importantly, SZ and HC did not differ in M170 source strength [t(86) = -1.62, p = .11] (see Supplementary Fig. 2 ). In fact, the SZ mean was slightly higher than the HC mean, so the lack of a group difference was not due to inadequate statistical power to find a smaller M170 in SZ than in HC. Thus, patients' early cortical face-specific registration was intact.
Although SZ produced a normal M170, suggesting normal registration of faces, Fig. 6 illustrates the presence of significantly less alpha power during the 3-s prevideo baseline (averaged across frontal-central sensors and trials) in SZ 1 Comparison of the topographies of the group differences of condition effects in Fig. 3b with the condition effects displayed separately for each group in Supplementary Fig. 1 indicates that SZ exhibited weaker bilateral generators than did HC for all transitions (NF, NN, and NH). For HC, the topography of the transition effects suggests a tendency for higher right than left hemisphere activity across all conditions, includ ing NN. Contrasting these condition effects by groups (bottom row of Supplementary Fig. 1 ) resulted in topographical group differences for the NN morph. Thus, subtracting this NN NN data from the NN NF and NN NH data produced slightly different topographies. Because of the similarity of the condition effects in both groups and the similarity of the topographies within each group, as are shown in Supplementary  Fig. 1 , the topographical group differences in Fig. 3b generally reflect these contrasts rather than indicating group specific affect processing. than in HC (Fig. 6b) . Source reconstruction identified significant group differences in frontal, premotor, and sensorimotor areas (Fig. 6c) . Finally, global functional connectivity showed significantly higher connectedness of these areas in SZ than in HC (Fig. 6d) .
Discussion
The present study, designed to evaluate facial affect recognition in dynamically unfolding emotional expressions, found group differences in overt performance, oscillatory activity, and connectivity. The time course of HC participants reporting successful identification of morphing emotional expressions indicated that the task was effective. SZ participants took slightly but significantly longer to do so. Importantly, SZ failed to show the sequence of alpha power increase/recovery and connectivity decrease/recovery in sensorimotor cortex that the task evoked in HC. This was not due to a generalized deficit, but prestimulus baseline activity may have contributed to the SZ group's judgment impairment. Prior to face onset, sensorimotor cortex in SZ manifested lower alpha power and higher connectivity with the rest of cortex. This apparently led, upon stimulus presentation, to normal structural face registration (evidenced by normal M170) but a diminished ability to engage in the evaluation of dynamic facial emotion.
In line with the findings of Popov et al. (2013) on a subset of the present HC sample, the full HC sample exhibited a sequence of increased alpha power in sensorimotor cortex and reduced connectivity of this region with other regions during the prerecognition period, followed by alpha power decline and connectivity restoration during the postrecognition period. The role of alpha oscillations in perception and cognition has been characterized as "gating by inhibition" (Hanslmayr, Gross, Klimesch, & Shapiro, 2011; Jensen, Bonneford, & Van Rullen, 2012; Jensen & Mazaheri, 2010; Klimesch, 2012; Klimesch et al., 2007; Miller et al., 2013) . According to this view, synchronized alpha oscillations in local neural ensembles reflect the inhibitory state of these ensembles. Such local inhibition of input effectively controls information flow within and across networks.
In this framework, for HC the association of local alpha power increase and disconnection from other brain regions reflects a state of readiness for local information processing. The present results provide clear support for this view, further undermining the long-accepted assumption that alpha is merely a reflection of an awake but essentially idling brain. The present results also support the proposal that subthreshold efference can be a key element of processing emotional afference (Lang, 1979; Niedenthal, 2007 ; see also Iacoboni & Dapretto, 2006) .
In comparison to HC, during the 1-to 3-s prerecognition period, SZ failed to show high alpha power and low connectivity. The static onset at the beginning of the trial prompted a normal M170 response, indicating registration of the face in the fusiform gyrus of the visual system, which is evidence against a generalized deficit, such as failure to attend to the video stream or to recognize the stimulus as a face. The subsequent dynamic processing failure presumably led to their delayed judgment about the face emotion. Reduced N170 has been reported in SZ during tasks that involved the comparison of facial affect and facial feature elements or faces and objects (e.g., Turetsky et al., 2007; Wölwer et al., 2012; Wynn, Jahshan, Altshuler, Glahn, & Green, 2013) . Other studies have reported normal N170 in SZ (e.g., Wynn et al., 2008) or abnormal topographies in SZ (larger over occipital but smaller over frontal regions; Ramos-Loyo et al., 2009) . Current source density analysis of MEG data from SZ (Streit et al., 2001) found weaker activity over left inferior parietal and right occipital regions in an early time window (100-240 ms, including M170), and in right fusiform gyrus in a somewhat later time window (160-300 ms). The presentation here of a 1-s static neutral face, with no task required (prior to morphing), need not have prompted active comparative face evaluation. This may account for the lack of group differences in M170.
The SZ group's dynamic processing failure may result from their abnormally high interregional alpha connectivity prior to face onset. If the preparatory state preceding stimulus presentation and task performance is abnormal, manifest in both low alpha power and high connectivity, subsequent processing may be compromised. Thus, SZ undertook the task in a brain state poorly prepared for dynamic emotional face processing.
Connectedness among neural networks involved in affect processing in SZ has also been studied using fMRI. For fearful face identification, in particular, Leitman et al. (2008) found fewer interregional correlations between amygdala and frontal (medial, inferior, and prefrontal) regions in SZ than in HC, but higher correlations between occipital (lingual gyrus) and superior temporal gyrus in SZ than in HC. Mukherjee et al. (2012) reported lower connectivity between amygdala and parietal regions in an implicit facial affect recognition task, and Harvey et al. (2011) reported lower occipital to parietal and prefrontal coupling in SZ than in HC, even in nonemotional visual perception tasks.
The low connectivity in these fMRI studies of SZ compares with a more nuanced picture in the present data. MEG allowed for the distinction of time courses across the baseline, prerecognition, and postrecognition periods, during which connectivity varied as a function of region and time. Evidence from different neuroimaging methods has indicated that disturbed neural coupling contributes to or is a manifestation of dysfunctional processing in SZ, but additional work is needed to map the role of these phenomena.
The present hypotheses about the role of alpha oscillatory activity in the processing of facial expressions were developed from evidence highlighting the role of sensorimotor areas in facial affect recognition (e.g., Adolphs et al., 2000; Pitcher, Garrido, Walsh, & Duchaine, 2008) , the significance of alpha oscillations for perception and cognition (Hanslmayr et al., 2011; Jensen et al., 2012; Klimesch, 2012; Klimesch et al., 2007) , and the suppression of alpha (mu) activity over central EEG electrodes during observation of social interaction (Singh et al., 2011; Pineda & Hecht, 2009) . Considering the functional role of alpha oscillations in inhibition and timing of communication between neuronal networks (Klimesch, 2012) , the present results suggest that patients undertook the task of facial affect recognition in a state of impaired inhibitory control and transregional communication.
The present results do not challenge evidence from hemodynamic and electrophysiological neuroimaging about several brain regions involved in facial affect recognition. The dysfunctional modulation of alpha oscillations prior to seeing facial stimuli and during the processing of dynamically unfolding emotional expression may well be a mechanism of or additive to abnormal subcortical, frontal, and cingulate activity and their interaction in face recognition (Behrmann & Plaut, 2013) and affect processing (Delvecchio et al., 2013; , which has been related to the deficient recruitment or "substantial limitation in activation throughout a ventral temporal-basal ganglia-prefrontal cortex 'social brain' system" (Li et al., , p. 1029 ; see also Li et al., 2012) . The present results point to an element specifically contributing to facial expression processing within this social brain system. Moreover, the unfolding of affect expression in a face is inseparably linked to biological motion (hand, face, or body), detection of which has been found to activate superior temporal sulcus (STS; e.g., Hars et al., 2011; Thompson, Hardee, Panayiotou, Crewther, & Puce, 2007) , even in tasks requiring emotion processing like theory of mind (Frith & Frith, 1999; Krakowki, Ross, Snyder, Sehatpour, Kelly, & Foxe, 2011; Sugranyes et al., 2011) . No study seems to have examined biological motion and its cortical correlates specifically in SZ. The fact that the present results did not include group differences in STS alpha modulation indicates either that the present design did not activate STS differentially (biological motion being similarly involved in all conditions) or that SZ are not significantly impaired in biological motion processing, at least regarding facial motion. A future study comparing dynamically unfolding facial expressions (as in the present design) and nonfacial, nonemotional biological movement (hand or body) might clarify the specificity of this impairment in SZ.
Limitations of the present study can be noted. Recruitment of aspects of the central and peripheral physiology of one's own emotional efference (Lang, 1979) has been proposed as a prerequisite for the perception of emotion in others, particularly in natural social contexts (Niedenthal, 2007) . However, the present design involved only facial stimuli and facial affect expression, which may have prompted involvement of the sensorimotor face area, regardless of emotion features. Thus, the specificity to emotional The gray bar indexes the frequency range of significant group differences. b Scalp topography of group differences (expressed as t values) in the differentiating frequency range (gray bar in column a). Black circles indicate sensors belonging to the significant cluster, and warm colors indicate more power in HC than in SZ. c Source reconstruction of alpha power group differences during baseline. Warm colors indicate voxels of higher baseline alpha power in HC than in SZ. d Group differences in connectivity for baseline alpha power, expressed as t values. Bilateral regions in cool colors show higher connectivity in SZ than in HC face stimuli of task-induced alpha power and alpha-mediated connectivity warrants evaluation by comparison with other perceptual-cognitive tasks.
The impact of task instruction on dysfunctional modulation of alpha oscillations remains to be examined through explicit comparison. The present facial affect recognition design did not require an explicit response during the MEG measurement but also did not resemble typical implicit task designs, in which key stimulus features are not relevant to the instructed task. Performance deficits and abnormal ERPs in SZ have been reported for explicit emotion identification or matching tasks (see the review by Garrido-Vasquez et al., 2011) , whereas results on implicit tasks like affective priming are less consistent (Garrido-Vasquez et al., 2011; .
Another limitation is that present analyses focused only on cortical mechanisms of facial affect recognition. Subcortical regions are clearly involved as well. For example, some studies have found functional amygdala abnormalities associated with poorer recognition performance in SZ (e.g., Li et al., 2010; Seyferth et al., 2009 ). MEG and EEG are capable of measuring deep structures such as hippocampus but only under certain circumstances (e.g., Hanlon et al., 2011; Williams, Nuechterlein, Subotnik, & Yee, 2011) .
The present findings suggest a set of neural mechanisms contributing to a deficit in facial affect processing in schizophrenia. Dynamic emotional faces revealed a sequence of alpha power modulation and alpha-modulated transregional connectivity that was lacking in schizophrenia. This impairment unfolded on a baseline of abnormal alpha and abnormal connectivity as well. Further research is needed to determine whether and how these neural oscillatory abnormalities contribute to impaired emotional face processing in schizophrenia. Fundamentally dysfunctional alpha regulation, evident under restingstate or prestimulus baseline conditions, may reflect dysfunctional information and input sampling (Jensen & Mazaheri, 2010; Klimesch, 2012) , which subsequently modifies inputspecific processing such as the recognition of unfolding affect in another person's face. The topography of dysfunctional alpha modulation may vary with the input and the task, whereas the functional significance of alpha oscillations is related to the modulation of input sampling. In compromising facial affect recognition, dysfunctional alpha modulation may be part of a cascade that eventually fosters dysfunctional socio-emotional processing (Taylor & MacDonald, 2012) with consequences for higher socio-cognitive functions found to be deficient in schizophrenia.
Author Note This research was supported by the Deutsche Forschungsgemeinschaft (Grant No. Ro805/14 2). The authors report no conflict of interest. We thank Nathan Weisz for advice on data analyses, and Ursel Lommen and David Schubring for assistance with data collection.
